General. Infrared spectra were recorded neat unless otherwise indicated and are reported in cm -1 . 1 H NMR spectra were recorded in deuterated solvents and are reported in ppm relative to trimethylsilane and referenced internally to the residually protonated solvent. 13 C NMR spectra were recorded in deuterated solvents and are reported in ppm relative to trimethylsilane and referenced internally to the residually protonated solvent. Optical rotations were recorded using a sodium lamp at 589 nm in CHCl 3 . Routine monitoring of reactions was performed using EM Science DC-Alufolien silica gel, aluminum-backed TLC plates. Flash chromatography was performed with the indicated eluents on EM Science Gedurian 230-400 mesh silica gel.
Air and / or moisture sensitive reactions were performed under usual inert atmosphere conditions. Reactions requiring anhydrous conditions were performed under a blanket of argon, in glassware dried in an oven at 120°C or by a bunsen flame, then cooled under argon. Solvents and commercial reagents were purified in accord with Perrin and Armarego 1 or used without further purification. Adduct 36: To a stirred solution of 12 (4.8 g, 10 mmol) in CH 2 Cl 2 (50 mL) was added Et 3 N (3.4 mL, 24 mmol). The solution was cooled to -78°C and a solution of dicyclohexylboron triflate (22 mL, 22 mmol, 1.0 M in hexanes) was added dropwise over 20 min. The resulting solution was stirred at -78°C for 2 h. Aldehyde 35 2 (1.6 g, 12 mmol) was added dropwise to the enolate solution. The reaction mixture was stirred at -78 °C for 1 h and was allowed to warm to room temperature over 1 h, then quenched by addition of pH 7 buffer solution (40 mL). The mixture was diluted with MeOH (200 mL) and 30% aq. H 2 O 2 (20 mL) was added carefully. The whole mixture was stirred vigorously overnight and then concentrated. The residue was partitioned between water (100 mL) and CH 2 Cl 2 (200 mL). The aqueous layer was extracted with CH 2 Cl 2 (2 x 150 mL). The dried (MgSO 4 ) extract was concentrated in vacuo and purified by chromatography over silica gel, eluting with 20 -40% EtOAc / hexanes, to give product 36 (5. 
TBS Silyl Ether 37:
To a stirred solution of 36 (5.65 g, 9.2 mmol) in CH 2 Cl 2 (25 mL) at 0°C were sequentially added Et 3 N (3.2 mL, 23 mmol) and TBSOTf (3.65 g, 13.8 mmol). The mixture was stirred at 0°C for 3 h and quenched with sat. aq. NH 4 Cl (50 mL), The aqueous solution was extracted with CH 2 Cl 2 (4 x 100 mL). The dried (MgSO 4 ) extract was concentrated in vacuo and purified by chromatography over silica gel, eluting with 10 -40% EtOAc / hexanes, to give product 36 (4.13 g, 62%) as colorless oil: [ Alcohol 13: To a stirred solution of 37 (3.47 g, 4.76 mmol) in CH 2 Cl 2 at -78°C was added DIBAL-H (11.4 mL, 11.4 mmol, 1M in CH 2 Cl 2 ). The solution was stirred at -78 °C for 1 h and allowed to warm to 0°C and quenched by addition of 10% aq. sodium tartrate (10 mL). The solution was stirred at room temperature for 3 h and extracted with Et 2 O (3 x 100 mL). The dried (MgSO 4 ) extract was concentrated in vacuo and purified by chromatography over silica gel, eluting with 10 -40% EtOAc / hexanes, to give product 13 (1.27 Iodide 38: To a solution of triphenylphosphine (115 mg, 0.44 mmol) in CH 2 Cl 2 at 0°C were sequentially added imidazole (81.7 mg, 1.2 mmol) and iodine (111.6 mg, 0.44 mmol). After 10 min, a solution of alcohol 13 (124 mg, 0.40 mmol) in CH 2 Cl 2 (1 mL) was added via cannula. The mixture was stirred at 0 °C for 10 min, then warmed to room temperature. After 12 h, the mixture was quenched by saturated Na 2 S 2 O 3 (1.5 mL), diluted with water (2 mL). The aqueous solution was extracted with CH 2 Cl 2 (3 x 5 mL). The dried (MgSO 4 ) extract was concentrated in vacuo and purified by chromatography over silica gel, eluting with 5 -20% EtOAc / hexanes, to give product 38 (148 mg, 88%) as colorless oil: [ Amide 39: A solution of n-BuLi (4.35 mL, 10.88 mmol, 2.5 M in hexanes) was added via cannula to a suspension of lithium chloride (1.46 g, 34.54 mmol) and diisopropylamine (1.64 mL, 11.70 mmol) in THF (8.0 mL) at -78°C. The resulting suspension was warmed to 0°C briefly and then was cooled to -78°C. An ice-cooled solution of amide 14 (1.20 g, 5.44 mmol) in THF (5 mL) was added via cannula. The mixture was stirred at -78 °C for 1 h, at 0 °C for 15 min and room temperature for 5 min. The mixture was cooled to 0°C and iodide 38 (1.14 g, 2.72 mmol) in THF (2 mL) was added to the reaction via cannula. After 18 h at 0°C, the reaction was quenched by addition of sat. aq. NH 4 Cl (50 mL) and the resulting mixture was extracted with EtOAc (4 x 100 mL). The dried (MgSO 4 ) extract was concentrated in vacuo and purified by chromatography over silica gel, eluting with 10 -50% EtOAc / hexanes, to give product 39 (1.28 Alcohol 40: A solution of n-BuLi (1.51 mL, 3.77 mmol, 2.5 M in hexanes) was added to a solution of diisopropylamine (0.57 mL, 4.06 mmol) in THF (4.0 mL) at -78°C. The resulting solution was stirred at -78 °C for 10 min, then warmed to 0 °C and held at this temperature for 10 min. Borane-ammonia complex (90%, 119.6 mg, 3.87 mmol) was added in one portion and the suspension was stirred at 0°C for 15 min and then was warmed to room temperature. After 15 min, the suspension was cooled to 0°C. A solution of amide 39 (496 mg, 0.96 mmol) in THF (1.5 mL) was added via cannula. The reaction was warmed to room temperature and held that temperature for 2 h and then quenched by addition of 3 N HCl (3 mL) at 0 °C. Phosphonate 11: To a solution of diethyl methylphosphonate (27.0 mg, 0.178 mmol) in THF (1.48 mL) at -78°C was added n-BuLi (65 µL, 0.16 mmol). After 10 min, a solution of aldehyde 41 (51.7 mg, 0.148 mmol) in THF (0.2 mL) was added. The solution was stirred at -78°C for 10 min, and allowed to warm to room temperature. The solution was quenched with sat. aq. NH 4 Cl (1 mL) and extracted with CH 2 Cl 2 (3 x 5 mL). The dried (MgSO 4 ) extract was concentrated in vacuo and purified by chromatography over silica gel, eluting with 10 -50% EtOAc / hexanes, to give adduct 42 (56 mg, 76%) as colorless oil.
To a solution of adduct 42 (17.1 mg, 0.034 mmol) in CH 2 Cl 2 (0.68 mL) at room temperature was added PDC (25.6 mg, 0.068 mmol) and 4 Å mol. sieves (100 mg). The solution was stirred at room temperature overnight. The solution was diluted with 50% EtOAc, filtered through a small plug of silica gel. The filtrate was concentrated in vacuo to give 11 (14.6 mg, 86%) as a colorless oil: [ To a stirred solution of ketone 15 3 (7.5 mg, 0.0093 mmol) in THF (0.8 mL) and H 2 O (0.2 mL) was added PPTS (2.36 mg, 0.0093 mmol). After 18 h, the reaction was quenched with solid NaHCO 3 (10 mg). After 5 min, the solution was diluted with 30% EtOAc / hexanes, filtered through a small plug of silica gel (30% EtOAc / hexanes rinse) and concentrated in vacuo. The crude oil was purified by chromatography over silica gel, eluting with 5 -50% EtOAc / hexanes, to give provide sequentially transoidal 17 3 (2.22 mg, 36 %) followed by cisoidal 16 3 (2.44 mg, 40 %). Diazoester 19: To a stirred solution of 17 (11.5 mg, 0.017 mmol) in THF (0.5 mL) at -78°C was added LiDBB (1 mL, 0.22 mmol). After 5 min, the solution was quenched with sat. aq. NH 4 Cl (0.5 mL) and allowed warm to room temperature. The mixture was extracted with Et 2 O (4 x 1 mL) and dried by MgSO 4 . The dried extract (MgSO 4 ) was filtered through a small plug of silica gel (10 -50% EtOAc / hexanes), the filtrate was concentrated in vacuo to give the unstable alcohol 41 and used in the next step without further purification.
To a stirred solution of crude alcohol 41 (0.0138 mmol) in dry CH 2 Cl 2 (1.0 mL) at 0°C were sequentially added dimethylaniline (17.5 µL, 0.138 mmol) and crude glyoxylic acid chloride p-toluenesulfonyl hydrazone 4 (0.138 mmol). The mixture was stirred for 15 min prior to addition of Et 3 N (38.4 µL, 0.276 mmol). The resulting dark orange solution was stirred for 10 min at 0°C and then 20 min at room temperature. The CH 2 Cl 2 solution was washed with saturated aqueous citric acid (3 x 1 mL) and dried over Na 2 Diazoester 18: To a stirred solution of 18 (11.6 mg, 0.017 mmol) in THF (0.5 mL) at -78°C was added LiDBB (1 mL, 0.22 mmol). After 5 min, the solution was quenched with sat. aq. NH 4 Cl (0.5 mL) and allowed warm to room temperature. The mixture was extracted with Et 2 O (4 x 1 mL) and dried by MgSO 4 . The dried extract (MgSO 4 ) was filtered through a small plug of silica gel (10 -50% EtOAc / Hexanes), the filtrate was concentrated in vacuo to give the unstable alcohol 44 and used next step without further purification.
To a stirred solution of crude alcohol 44 (33.0 mg, 0.058 mmol) in dry CH 2 Cl 2 (1.0 mL) at 0°C were sequentially added dimethylaniline (37.2 µL, 0.29 mmol) and crude glyoxylic acid chloride ptoluenesulfonyl hydrazone 4 (0.58 mmol). The mixture was stirred for 15 min prior to addition of Et 3 N (81.0 µL, 0.58 mmol). The resulting dark orange solution was stirred for 10 min at 0°C and then 20 min at room temperature. The CH 2 Cl 2 solution was washed with saturated aqueous citric acid (3 x 1 mL) and dried over Na 2 SO 4 . The extract was concentrated in vacuo and purified by chromatography over silica gel, eluting with 5 -20% EtOAc / hexanes, to give diazoester 20 (29. 3 Ester 47: To a solution of oxalyl chloride (6.56 mL, 0.075 mol) in CH 2 Cl 2 (170 mL) was cooled to -50°C, DMSO (10.67 mL, 0.15 mol) was added carefully dropwise. After 5 min, a solution of alcohol 46 (11.35 g, 0.068 mol) in CH 2 Cl 2 (20 mL) was added via cannula. After, 15 min, Et 3 N (47.52 mL, 0.34 mol) was added dropwise and stirred at -50°C for 10 min. The solution was allowed warm to room temperature within 1 h and quenched with water (100 mL). The aqueous solution was extracted with CH 2 Cl 2 (3 x 100 mL). The dried (MgSO 4 ) extract was concentrated in vacuo to give crude aldehyde (8.97 g, 80%). To the solution of this crude aldehyde (8.97 g, 0.054 mol) in CH 2 Cl 2 (80 mL) was added Ph 3 P=CHCO 2 Me (21.92 g, 0.066 mol). After overnight, the solution was diluted with 20% EtOAc / hexanes (50 mL), filtered through a small plug of silica gel (20% EtOAc / hexanes rinse), concentrated in vacuo and purified by chromatography over silica gel, eluting with 10 -50% EtOAc / hexanes, to give product 47 (11.28 g, 95%) as a colorless oil: IR (neat) 3031 Alcohol 48: To a solution of ester 47 (8.59 g, 39 mmol) in CH 2 Cl 2 (228 mL) at -78°C was added DIBAL-H (93 mL, 93 mmol, 1.0 M in CH 2 Cl 2 ). After 1 h, the solution was allowed warm to 0°C and quenched with 10% aq. sodium tartrate solution (200 mL). The mixture was stirred at room temperature for 3 h and extracted with EtOAc (4 x 100 mL). The dried (MgSO 4 ) extract was concentrated in vacuo and purified by chromatography over silica gel, eluting with 20 -50% EtOAc / hexanes, to give known product 47 5 Adduct 24: To a stirred solution of oxazolidinone 23 (1.05 g, 4.5 mmol) in THF (9.0 mL) at -78 °C was added a solution of NaHMDS (4.76 mL, 4.76 mmol, 1.0 M in THF). After an additional 20 min, allyl iodide 50 (3.42 g, 11.26 mmol) was added via cannula. After 1 h, the mixture was quenched with saturated aqueous sat. aq. NH 4 Cl (10 mL) and allowed warm to room temperature. The solution was extracted with EtOAc (3 x 50 mL). The dried (MgSO 4 ) extract was concentrated in vacuo and purified by chromatography over silica gel, eluting with 10 -40% EtOAc / hexanes, to give product 24 ( Lactone 25: To a stirred solution of 24 (522 mg, 1.28 mmol) in t-BuOH (6.4 mL) and H 2 O (6.4 mL) at 0°C were sequentially added solid NaHCO 3 (517 mg, 6.15 mmol) and AD mix β* 6 (1.81 g). The mixture was warmed to room temperature. After 18 h, the reaction was quenched with solid Na 2 S 2 O 3 until effervescence ceased. After an additional 10 min, the reaction was diluted with saturated aqueous NaCl (50 mL) and extracted with EtOAc (4 x 100 mL). The dried (MgSO 4 ) was concentrated in vacuo and purified by chromatography over silica gel, eluting with 10 -50% EtOAc / hexanes, to give product 25 (187 mg, 55% Alcohol 55: To a stirred solution of 53 (302 mg, 0.59 mmol) in DMF (1.48 mL) and BnBr (3.05 g, 17.83 mmol) at -50°C was added NaH (35.6 mg, 0.89 mmol, 60% in mineral oil). After 10 min, the reaction was warmed to -10 °C over a period of 50 min. After an additional 1 h, the reaction was further warmed to room temperature. After 30 min, the reaction was quenched with sat. aq. NH 4 Cl (5 mL), diluted with sat. aq. NaCl (50 mL) and extracted with EtOAc (4 x 50 mL). The dried (MgSO 4 ) extract was concentrated in vacuo and purified chromatography over silica gel, eluting with 2 -20% EtOAc / Hexanes, give benzyl ether product 54 (211 mg, 82%) as a colorless oil. The benzyl ether contained with an amount of impurities (50%) resulting from protecting group migration during the benzylation, which were removed after desilylation.
To the mixture solution of benzyl ether 54 in THF (0.5 mL) was added TBAF (1.13 mL, 1.13 mmol, 1.0 M in THF) via syringe. After 1 h, the reaction was quenched with sat. aq. NH 4 Cl (5 mL) and extracted with Et 2 O (3 x 50 mL). The dried (MgSO 4 ) extract was concentrated in vacuo and purified chromatography over silica gel, eluting with EtOAc : hexanes : CH 2 Cl 2 = 1 : 6.7 : 6.7, to give product 55 (64 mg, 24%) as a colorless oil over two steps: Alcohol 55: To a stirred solution of 56 (77.2 mg, 0.13 mmol) in THF (0.68 mL) at 0°C were added H 2 O (5.05 µL) and LiBH 4 (0.14 mL, 0.28 mmol, 2.0 M in THF). The reaction was warmed to r.t. and sat. aq. NH 4 Cl (7.47 µL) was added dropwise. An additional portion of LiBH 4 (70 µL, 0.14 mmol, 2.0 M in THF) was added during the course of the reaction. After 3 h, the reaction was quenched with sat. aq. NH 4 Cl (5 mL) and extracted with Et 2 O (4 x 10 mL). The dried (MgSO 4 ) extract was concentrated in vacuo and purified chromatography over silica gel, eluting with 10 -40% EtOAc / hexanes, to give product 57 (58. To a stirred solution of crude hydroxy sulfone 58 (0.183 mmol) in CH 2 Cl 2 (0.61 mL) were sequentially added powdered 4 Å mol. sieves (30 mg), TPAP (96 mg, 0.27 mmol) and NMO (32 mg, 0.27 mmol). After 4 h, the reaction was diluted with 25 % EtOAc / hexanes, filtered through a small plug of silica gel and concentrated in vacuo and purified by chromatography over silica gel, eluting with 10 -40% EtOAc / hexanes, to give ketone sulfone 28 (114 mg, 66% over two steps) as a colorless oil To a stirred solution of 28 (61.0 mg, 0.064 mmol) in THF (1.0 mL) and MeOH (3.8 mL) at -10°C was added Na 2 HPO 4 (61.0 mg, 0.011 mmol). After 5 min, 5% Na / Hg amalgam (469 mg, 0.99 mmol, 5% in Hg) was added. After 1 h, the reaction was diluted with 20% EtOAc / hexanes, filtered through a small plug of silica gel and concentrated in vacuo to give crude ketone 59 (42.4 mg, 82%) which was used next step without further purification.
To a stirred solution of ketone 59 (42.4 mg, 0.052 mmol) in THF/H 2 O (2.64 mL, 4 : 1) was added PPTS (13.2 mg, 0.052 mmol). After 15 h, the solution was quenched with solid NaHCO 3 (25 mg). After 5 min, the solution was diluted with 40% EtOAc / hexanes, filtered through a small plug of silica gel and concentrated in vacuo. The crude oil was purified by chromatography over silica gel, eluting with 2 -20% EtOAc / hexanes, to give 29 (20. Lactone 22: To a stirred solution of 29 (5.0 mg, 0.0063 mmol) in THF (0.5 mL) at -78°C was added LiDBB (1 mL, 0.22 mmol). The green color solution was stirred at -78°C for 5 min, and quenched by sat. aq. NH 4 Cl (0.5 mL) and extracted with Et 2 O (4 x 1 mL). The dried extract (MgSO 4 ) was filtered through a small plug of silica gel (10 -50% EtOAc / Hexanes), the filtrate was concentrated in vacuo to give diol 60 (3.6 mg, 94%) and used next step without further purification.
To a stirred solution of crude diol 60 (3.6 mg, 0.0059 mmol) in t-BuOH / CH 3 CN (0.2 mL, 1:1) were sequentially added 4 Å mol. sieves (10 mg), NMO (1.73 mg, 0.0147 mmol) and 5% TPAP (0.1 mg). After overnight, the solution was diluted with 50% EtOAc / hexanes, filtered through a small plug of silica gel and concentrated in vacuo. The crude oil was purified by chromatography over silica gel, eluting with 5 -33% EtOAc / hexanes, to give ketone 22 (2. 
